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1
MULTI-AXIS VEHICLE SENSOR MOUNTING

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority to U.S. Provisional Appli-
cation No. 61/837,837 filed Jun. 21, 2013.

BACKGROUND

Vehicle safety systems, including airbag deployment sys-
tems, utilize sensors located on the vehicle to detect crash
situations. The crash sensors communicate with an electronic
control unit (ECU) that makes decisions on when to deploy
safety devices such as an airbag. Information used by safety
systems includes direction and force of an impact. Sensors
must be arranged to sense data along each axis a vehicle to
determine the direction from which an impact occurs. There-
fore, multiple sensors are utilized throughout the vehicle to
detect force and movement indicative of an impact that is
utilized by the safety system.

The background description provided herein is for the pur-
pose of generally presenting the context of the disclosure.
Work of the presently named inventors, to the extent it is
described in this background section, as well as aspects of the
description that may not otherwise qualify as prior art at the
time of filing, are neither expressly nor impliedly admitted as
prior art against the present disclosure.

SUMMARY

A disclosed safety system for a vehicle includes at least one
sensor for sensing movement and forces on the vehicle
indicative of an impact along a first sensing axis parallel with
a longitudinal axis of the vehicle and a second sensing axis
angled relative to a lateral axis of the vehicle. The at least one
sensor includes first and second sensor portions that enable
sensing movement and force in two directions perpendicular
to each other. The sensors are oriented such that the second
sensing axis is disposed at an angle greater than 0 and less
than 90 degrees relative to the vehicle lateral axis. In one
disclosed embodiment the angle of the second sensing axis is
45 degrees.

An electronic control unit is in communication with the at
least one sensor and derives movement and force along the
different axes from the information obtained relative to move-
ment and forces along the second sensing axis. The ECU uses
the derived information to determine if a safety response is
required based upon movement sensed by the at least one
sensor and the information derived from information relating
to movement along the second sensing axis.

Although the different examples have the specific compo-
nents shown in the illustrations, embodiments of this disclo-
sure are not limited to those particular combinations. It is
possible to use some of the components or features from one
of the examples in combination with features or components
from another one of the examples.

These and other features disclosed herein can be best
understood from the following specification and drawings,
the following of which is a brief description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a schematic view of an example vehicle including
a safety system.

FIG. 2 is a perspective view of one of the several sensors of
the safety system.
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FIG. 3 is a schematic view of the sensing axes of an
example sensor.

DETAILED DESCRIPTION

The following description is merely exemplary in nature
and is in no way intended to limit the disclosure, its applica-
tion, or uses. For purposes of clarity, the same reference
numbers will be used in the drawings to identify similar
elements.

Referring to FIG. 1, a vehicle 10 includes a safety system
12 with supplemental restraints such as airbags 18 and active
seatbelts 20. The safety system 12 includes an electronic
control unit (ECU) 14 and at least one sensor 16 mounted to
the vehicle 10. In this example, at least four (4) sensors 16 are
mounted throughout the vehicle 10 and generate signals
indicative of movement and force along one of several vehicle
axes. The ECU 14 uses data from the sensor(s) 16 to deter-
mine if an impact has occurred. Upon determining that an
impact has occurred, the ECU 14 generates a signal to initiate
a safety response and deploy at least one safety measure, such
as the airbags 18 and the active seatbelts 20. The ECU 14 may
deploy a combination of safety measures such as multiple
airbags 18, restraint tensioning of the seatbelts 20, etc
depending on the detected direction and magnitude indicated
by signals from the sensors 16.

Impact and movement of the vehicle 10 will occur in direc-
tions that includes components of several major vehicle axes.
In this example, an X axis is disposed along the longitudinal
axis of the vehicle, aY axis is disposed along a lateral axis and
aZ axis or third axis is perpendicular to both the Y axis and the
X axis. Each of the sensors 16 generates information indica-
tive of movement parallel to each of the vehicle axes and
communicates that information to the ECU 14.

Referring to FIGS. 2 and 3 with continued reference to
FIG. 1, the example sensor(s) 16 each sense in two sensing
directions, perpendicular to each other and are referred to as
XY sensors. In this example, each of the sensors 16 include a
first sensing portion 28 that senses movement and force in the
first sensing direction and a second sensing portion 30 that
senses movement and force in the second sensing direction.
Sensing in only two (2) directions, such as for example the X
axis and the Y axis, leaves movement about the Z axis poten-
tially undetected, or could delay detection. Accordingly, the
example safety system 12 utilizes sensors 16 that sense move-
ment along two (2) axes to obtain information relating to
movement along at least three (3) axes by angling each of the
sensors 16 such that a first sensing axis is disposed parallel
with the X axis and a second sensing axis A is disposed at an
angle relative to the lateral or Y axis.

The angled orientation of the sensing axis A (FIG. 1 and
FIG. 3) enables the two axis, XY sensor(s) 16 to generate
information indicative of movement along all three axes. In
this example, the sensor(s) 16 are orientated to sense move-
ment along the second sensing axis A which is disposed at an
angle of 45 degrees relative to the X axis. Although the
example sensor (2) are mounted to provide the second sensing
axis A at a 45 degree angle, any angle greater than 0 and less
than 90 degrees could be utilized and is within the contem-
plation of this disclosure.

The example sensor(s) 16 are XY-sensor that are orientated
by rotating the sensor 16 about a longitudinal axis parallel
with the X axis such that instead of sensing movement along
an axis perpendicular to the X axis, it senses movement about
the second sensing axis A orientated at 45 degrees from the X
axis. The sensor(s) 16 therefore senses 100% of the force and
movement in a first sensing axis along the direction parallel
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with the longitudinal axis of the vehicle 10 and partially sense
movement along each of the Y and Z axes according to a first
component 24 and a second component 26. As appreciated,
movement along the second sensing axis A includes bothaY
component (the first component 24) and a Z component (the
second component 26). The sensor (16) therefore senses a
portion of movement in each direction. In this example, the
sensor 16 will generate information indicative of a portion
(71% for the example 45 degree angle) of force in a second
direction along the Y-axis and also 71% of force in a third
direction along the Z-axis. Accordingly, the two axes, XY
sensor (16) provides information indicative of force and
movement along three axes of the vehicle 10 without the
added complexity and cost of a three axis sensor.

The ECU 14 receives the information from each of the
sensors 16 indicative of movement along the two sensing axes
and generates information indicative of movement in three
axes of the vehicle 10. The generation of information along
the second sensing axis A is utilized to derive movement and
force values of the first component 24 in along the Y axis and
the second component 26 along the Z axis in view of the angle
22. The ECU 14 then uses the derived information in combi-
nation with information obtained indicative of movement and
force along the longitudinal axis of the vehicle from the
sensors 16 to determine a direction and severity of an impact
and generate signals to initiate deployment of any required
elements of the safety system 12. Derivation of the compo-
nents of movement and force is conducted by an algorithm
programmed as part of the ECU 14.

In operation, each of the sensors 16 orientated throughout
the vehicle 10 are orientated to detect movement and force
along a first sensing axis parallel with a vehicle longitudinal
axis X of the vehicle and a second sensing axis A thatis angled
relative to the vehicle lateral axis. The sensor 16 therefore
generates a signal indicative of movement along the first and
second sensing axes and communicates that information to
the ECU 14. The ECU 14 use the information indicative of
movement and force along the second sensing axis A to derive
values indicative of movement and force about corresponding
Y and Z axes of the vehicle 10. The ECU 14 then generates a
signal triggering actuation of a safety response from the
safety system 12 as required and previously defined.

In this example, movement and force sensed along the
second sensing axis A includes the first component 24 indica-
tive of movement along the vehicle lateral axis or Y axis and
the second component 26 indicative of movement along the
third vehicle axis transverse to the vehicle lateral axis and the
vehicle longitudinal axis. The ECU 14 derives movement and
force along the vehicle Y or lateral axis based on the first
component 24 and movement and force along the third
vehicle axis based on the second component 26. The ECU 14
then generate a signal to initiate the safety response based on
movement sensed along the first sensor axis, the first compo-
nent indicative of movement along the lateral axis and the
second component indicative of movement along the third
vehicle axis.

Safety systems utilizing three axis rollover sensors could
be replaced with two axis sensors supported by an algorithm
utilized in the ECU to generate information of movement and
forces exerted on the vehicle in different directions and along
at least three axes. An algorithm using the data obtained from
the sensors 16 enables an understanding of the vehicle
dynamic condition which could result in safety system
deployment.

The additional information provided by orientating the
sensor at angle such as 45 degrees enables better decision
making for the time to deploy the airbag or other safety
device. The 45 degree mounting orientation provides the sim-
plest geometric calculation. However, there could be other
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angles selected between 0 and 90 degrees. Other angles
would select one sense direction more than the other for
situations where this would be desirable.

While the best modes for carrying out the invention have
been described in detail the true scope of the disclosure
should not be so limited, since those familiar with the art to
which this invention relates will recognize various alternative
designs and embodiments for practicing the invention within
the scope of the appended claims.

Although an example embodiment has been disclosed, a
worker of ordinary skill in this art would recognize that cer-
tain modifications would come within the scope of this dis-
closure. For that reason, the following claims should be stud-
ied to determine the scope and content of this disclosure.

What is claimed is:

1. A safety system for a vehicle comprising:

at least one sensor configured to sense movement only

along a first sensing axis and a second sensing axis
normal to the first sensing axis, the at least one sensor
sensing movement indicative of an impact along the first
sensing axis parallel with a longitudinal axis of the
vehicle and the second sensing axis angled relative to a
lateral axis of the vehicle, wherein movement indicative
of an impact along the second sensing axis includes a
first component indicative of movement along the lateral
axis and a second component indicative of movement
along a third vehicle axis transverse to the vehicle lateral
axis and the vehicle longitudinal axis; and

an electronic control unit in communication with the at

least one sensor to determine if a safety response is
required based upon movement sensed by the at least
one sensor.

2. The safety system as recited in claim 1, wherein the
second sensing axis is greater than 0 degrees and less than 90
degrees from the lateral axis.

3. The safety system as recited in claim 1, wherein the
second sensing axis is 45 degrees from the lateral axis.

4. A method of operating a vehicle safety system compris-
ing:

detecting a force in a direction of impact with sensor

including only a first sensor portion and a second sensor
portion, the first sensor portion for sensing movement
along a first sensing axis and the second sensor portion
for sensing along a second sensing axis normal to the
first sensing axis, wherein the first sensor portion senses
forces a force along a first sensing axis parallel with a
longitudinal axis of the vehicle and second sensor por-
tion senses forces along a second sensing axis angled
relative to a lateral axis of the vehicle, wherein sensing
movement indicative of an impact along the second
sensing axis includes a first component indicative of
movement along the lateral axis and a second compo-
nent indicative of movement along a third vehicle axis
transverse to the vehicle lateral axis and the vehicle
longitudinal axis such that the sensor including only a
first sensor portion and a second sensor portion detects
forces along at least three vehicle axes;

determining with an electronic control unit that a safety

response is required based upon signals communicated
from the sensor indicative of forces exerted on the
vehicle; and

generating a signal for triggering a safety response with the

electronic control unit.

5. The safety system as recited in claim 1, wherein the
electronic control unit determines movement along the lateral
axis of the vehicle based on the first component and move-
ment along the third vehicle axis based on the second com-
ponent.
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6. The safety system as recited in claim 5, wherein the
electronic control unit generates a signal to initiate the safety
response based on movement sensed along the first sensor
axis, the first component indicative of movement along the
lateral axis and the second component indicative of move-
ment along the third vehicle axis.

7. The safety system as recited in claim 5, wherein the first
component comprises a portion of the actual movement along
the lateral axis and the second component comprises a portion
of the actual movement along the third vehicle axis.

8. The safety system as recited in claim 1, wherein the at
least one sensor includes a first portion detecting movement
in along the first sensing axis and a second portion for sensing
movement along the second sensing axis transverse to the first
sensing axis.

9. The safety system as recited in claim 1, wherein the
electronic control unit generates a signal for actuating the
safety response to actuate a safety device.
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10. The method as recited in claim 4, including determin-
ing with the electronic control unit movement along the lat-
eral axis of the vehicle based on the first component and
movement along the third vehicle axis based on the second
component.

11. The method as recited in claim 4, including sensing
along the second sensing axis at an angle greater than 0
degrees and less than 90 degrees from the lateral axis.

12. The method as recited in claim 4, including sensing
along the second axis at a 45 degree angle from the lateral
axis.

13. The method as recited in claim 10, wherein the elec-
tronic control unit generates a signal to initiate the safety
response based on movement sensed along the first sensor
axis, the first component indicative of movement along the
lateral axis and the second component indicative of move-
ment along the third vehicle axis.
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